The purpose of this study is to estimate the in-situ emission factors of several pollutants 10 (particle number [PN], black carbon [BC] and several volatile and semi-volatile organic 11 compounds [VOCs and SVOCs]) in an urban area of Nantes, France, with real-world traffic 12 conditions and characterization of the fleet composition. The fleet composition and driving 13 conditions are characterized by the number of vehicles, their speeds and their types 14 (passenger cars [PCs], light commercial vehicles [LCVs], heavy-duty vehicles [HDVs]) as well 15 as their characteristics (make, model, fuel, engine, EURO emission standard, etc.). The 16 number of vehicles passing on the boulevard is around 20,000 per day with about 44% of 17 Euro 5 and Euro 6 vehicles. The impacts of fleet composition on emission were analyzed by 18 ANOVA. The results show that the fleet composition has a significant impact on emissions for 19 different pollutants. Higher percentage of gasoline PCs between Euro 4 to Euro 6 and Euro 4 20 diesel PCs induces more BC emission. Higher percentage of old gasoline and diesel vehicles 21 (≤ Euro 3) induces higher emission of toluene, ethylbenzene and m+p-and o-xylene. 22 2 25
Furthermore, emission factors estimated in this work were compared to those calculated in 23 other in-situ studies that show a good agreement. For the chassis bench comparison, the in-24 situ PN and BC emission factors are in the same range as those measured for diesel vehicles 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1. Introduction 32 On-road vehicle emissions are the main cause of atmospheric pollution in urban areas. 33 Road transport induces particles, black carbon (BC) and of several VOCs and SVOCs (Volatile 34 and Semi-Volatile Organic Compounds) emissions, such as carbonyl compounds 35 (formaldehyde, hexanal), and BTEX (benzene, toluene, ethylbenzene, xylene) as well as 36 various alkanes and alkenes. These VOCs and SVOCs are non-regulated compounds that 37 could serve as secondary particle precursors and have serious negative impacts on human 38 health (Sydbom et al., 2001; Lewtas et al., 2007) and air quality in cities. 39 The European Union is imposing emission limits for regulated pollutants in order to . 63 For most of these studies, the number of LDVs, HDVs and buses are counted and the 64 traffic speeds are measured in some cases. However, the fleet compositions with vehicle 65 engine, capacity, combustion, age and Euro emission standard were not fully 66 characterized. As consequence, the impacts of fleet composition on non-regulated 67 pollutant emissions are hardly investigated. Furthermore, the on-road emission factors in 68 these cited studies were mainly calculated for particles and BC. Very few on-road 69 emission factors studies were focused on secondary particle precursors (carbonyl 70 compounds, BTEX and alkanes…). Ning et al. (2012) determined on-road emission factors 71 for butane, but only for an HDV/bus fleet. 72 In this paper, the emission factors of particle number (PN), BC, and several aliphatic, 73 aromatic and carbonyl compounds were estimated using the different concentrations of NO X 74 and a pollutant between a background measurement site and a traffic measurement site 75 with the fleet composition observed during the measurements campaign. Furthermore, the 76 fleet composition was characterized based on the vehicle type, make, model, fuel, engine, 77 age, Euro emission standard, as well as the traffic conditions, traffic speed, and congestion. 180  181  182  183  184  185  186  187  188  189  190  191  192  193  194  195  196  197  198  199  200  201  202  203  204  205  206  207  208  209  210  211  212  213  214  215  216  217  218  219  220  221  222  223  224  225  226  227  228  229  230  231  232  233  234  235  236  78 ANOVA statistical analyses were performed to characterize the impact of fleet composition 79 on emissions. Furthermore, the emission factors estimated in this study were compared to 80 other emission factors calculated in previous in-situ studies and those measured on a 81 dynamometer bench. The measurements were conducted at two sites in the city of Nantes, France, between 85 April 19 and 30, 2017. The first site was an urban background (47°13'20.3"N 1°32'15.2"W) 86 site to measure urban background pollutant concentrations over a period of four days. The 87 second site was a traffic site in the city center (47°12'16.0"N 1°33'10.9"W). It is an urban 88 boulevard with two lanes of traffic in each direction, a speed limit of 30 km/h, and traffic 89 lights (Fig. 1 ). The number of vehicles passing on the boulevard is around 20,000 per day. 90 Trucks and buses pass on the boulevard but with a low frequency. Measurements were 91 conducted over a period of seven days. 237  238  239  240  241  242  243  244  245  246  247  248  249  250  251  252  253  254  255  256  257  258  259  260  261  262  263  264  265  266  267  268  269  270  271  272  273  274  275  276  277  278  279  280  281  282  283  284  285  286  287  288  289  290  291  292  293  294  295   6   99 numbers, AAAData (a private company) provided the characteristics of each vehicle, 100 including its make, model, vehicle type, fuel, engine, date of entry into circulation and Euro 101 emission standard according to the vehicle type (LDV and HDV). The sampling devices were installed in a truck that been specially fitted with an array of 104 analyzers to sample the ambient air. The truck was placed along the edge of the road on the 105 traffic site and the sampling was carried out around at a height about two meters and at a 106 distance of 0.5 m of the road (Fig. 1) . A Fast Mobility Particle Sizer (FMPS™; TSI) was used to 107 measure the distribution and total particle number ranging from 5.6 to 560 nm with 1 scan/s 108 at a flow rate of 8 L/min, with a concentration range from 0 to 10 7 particle/cm 3 . An 109 Aethalometer ® (AE-33-7, Magee Scientific) was used to measure the BC concentration. The 110 data are collected once a second and at a flow rate of 5 L/min. The concentration ranges 111 from 10 to 10 5 ng/m 3 with a detection limit of 5 ng/m 3 for 1 hour. For all cartridges, the sampling time is one hour to have enough material for chemical 153 analysis. For PN and BC, the data resolution is 1 second. However, in order to be able to 154 analyze the emission factors with the fleet for all measured pollutants, the PN and BC 155 measurement were averaged in one-hour period, corresponding to the cartridge sampling 156 time. In addition, the NO X concentrations used for ΔNO X in Equation 1 are given as a 15-00:00:00 06:00:00 12:00:00 18:00:00 00:00:00 06:00:00 12:00:00 18:00:00 00:00:00 06:00:00 12:00:00 18:00:00 00:00:00 06:00:00 12:00:00 18:00:00 00:00:00 06:00:00 12:00:00 18:00:00 00:00:00 06:00:00 12:00:00 18:00:00 00:00:00 06:00:00 12:00:00 18:00:00 00:00:00 represents the fact that there is no significant difference between the groups. The   473  474  475  476  477  478  479  480  481  482  483  484  485  486  487  488  489  490  491  492  493  494  495  496  497  498  499  500  501  502  503  504  505  506  507  508  509  510  511  512  513  514  515  516  517  518  519  520  521  522  523  524  525  526  527  528  529  530  531 10 166 alternative hypothesis considers that there is at least one significant difference among the 167 groups. For the ANOVA test, the F-ratio and associated probability value (p-value) are 168 calculated. If the p-value associated with the F is smaller than 0.05, then the H0 is rejected 169 and the alternative hypothesis (H1) is retained (Fanelli et al., 2018) and this implies that the 170 groups have a significant impact on emissions (Wildt and Ahtola, 1978) . It can be concluded 171 that the means of all groups are not equal and we can determine which groups are different 172 from others. 173 In this work, ANOVA was performed by SPAD (data analysis and data mining software) to 532  533  534  535  536  537  538  539  540  541  542  543  544  545  546  547  548  549  550  551  552  553  554  555  556  557  558  559  560  561  562  563  564  565  566  567  568  569  570  571  572  573  574  575  576  577  578  579  580  581  582  583  584  585  586  587  588  589 709  710  711  712  713  714  715  716  717  718  719  720  721  722  723  724  725  726  727  728  729  730  731  732  733  734  735  736  737  738  739  740  741  742  743  744  745  746  747  748  749  750  751  752  753  754  755  756  757  758  759  760  761  762  763  764  765 768  769  770  771  772  773  774  775  776  777  778  779  780  781  782  783  784  785  786  787  788  789  790  791  792  793  794  795  796  797  798  799  800  801  802  803  804  805  806  807  808  809  810  811  812  813  814  815  816  817  818  819  820  821  822  823  824  825  826 265 266 827  828  829  830  831  832  833  834  835  836  837  838  839  840  841  842  843  844  845  846  847  848  849  850  851  852  853  854  855  856  857  858  859  860  861  862  863  864  865  866  867  868  869  870  871  872  873  874  875  876  877  878  879  880  881  882  883  884  885   16   268 The PN and BC emission factors showed a good correlation, following the same tendency 269 during the week of measurements (Fig. 5 05:00:00 08:00:00 11:00:00 14:00:00 17:00:00 20:00:00 23:00:00 02:00:00 05:00:00 08:00:00 11:00:00 14:00:00 17:00:00 20:00:00 23:00:00 02:00:00 05:00:00 08:00:00 11:00:00 14:00:00 17:00:00 20:00:00 23:00:00 For a result of the ANOVA analysis to be significant, the p-value must be ≤ 0.05, which is 316 called a "significant result" in Table 1 . However, to increase the power of the ANOVA 317 analysis, it is possible to consider that a result with a p-value between 0.05 and 0.1 are 318 significant, which is called "result considered as significant" in Table 1, but with a great   319 uncertainty. This analysis should be read with a special attention because they might also 320 indicate that the impacts of the analyzed group on emission could be significant but not 321 clearly significant. respectively, 2.3 to 6.6 times higher and 2.7 to 9.6 times higher compared to the median. 377 The highest emission factor for both corresponds to the same fleet composition with 69% of 378 LDVs diesel and 58% of PCs ≤ Euro 4 (composition 8 in the Fig. 7 ) for the Wednesday 379 between 8:00 p.m. and 9:00 p.m. The second highest emission factor for BC and the third 380 highest for PN (composition 7 in the Fig. 7 ) correspond to the Sunday between 8:00 a.m. and 381 9:00 a.m .   1358  1359  1360  1361  1362  1363  1364  1365  1366  1367  1368  1369  1370  1371  1372  1373  1374  1375  1376  1377  1378  1379  1380  1381  1382  1383  1384  1385  1386  1387  1388  1389  1390  1391  1392  1393  1394  1395  1396  1397  1398  1399  1400  1401  1402  1403  1404  1405  1406  1407  1408  1409  1410  1411  1412  1413  1414  1415 
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The emission factors for carbonyl compounds above the upper whisker are 5 to 11 times 388 higher and 6 to 17 times higher than the median for formaldehyde and hexanal, respectively. 389 For the three alkanes, the emission factors above the upper whisker are 3 to 18 times higher 1417  1418  1419  1420  1421  1422  1423  1424  1425  1426  1427  1428  1429  1430  1431  1432  1433  1434  1435  1436  1437  1438  1439  1440  1441  1442  1443  1444  1445  1446  1447  1448  1449  1450  1451  1452  1453  1454  1455  1456  1457  1458  1459  1460  1461  1462  1463  1464  1465  1466  1467  1468  1469  1470  1471  1472  1473  1474  1475 26 390 compared to their median. The BTEX emission factors above the upper whisker are 1.4 to 8 391 times higher compared to their median. The highest emission factor for hexanal, benzene, 392 toluene, ethylbenzene and nonane correspond to the same fleet composition (composition 2 393 in the Fig. 7) for the Sunday between 6:00 a.m. and 7:00 a.m. We remark that, in this time 394 interval, the fleet composition composed relatively high percentage of LDVs diesel (80%), 395 PCs ≤ Euro 4 (65%) and HDVs (3%), which have been showed by the ANOVA analysis to have 396 significant impacts on emission of these compounds (Table 3) 00:00:00 06:00:00 12:00:00 18:00:00 00:00:00 06:00:00 12:00:00 18:00:00 00:00:00 06:00:00 12:00:00 18:00:00 00:00:00 06:00:00 12:00:00 18:00:00 00:00:00 06:00:00 12:00:00 18:00:00 00:00:00 06:00:00 12:00:00 18:00:00 00:00:00 06:00:00 12:00:00 18:00:00 00:00:00 
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